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Extensive Area of Topographic Anaglyphs
Covering Inland and Seafloor Derived Using
a Detailed Digital Elevation Model
for Identifying Broad Tectonic Deformations
Hideaki Goto
Abstract Topographic anaglyph images were viewed with red-cyan glasses
enabled to recognize topographic relief features easily. Anaglyphs produced from
digital elevation model (DEM) data are a very effective technique to identify
tectonic geomorphology. The aim of this paper was to introduce an extensive
area of topographic anaglyph images produced from the 5-m-mesh and 10-m-
mesh inland DEM of Geospatial Information Authority of Japan, as well as the
1-s-mesh DEM on the seafloor. In this paper, we present two examples which show
that the extensive area of anaglyph produced from combined detailed DEM is
advantageous for identifying broad tectonic geomorphology near a coastal area,
as well as in urban areas, to view “naked” topography exaggerated vertically. For
instance, the NW-SE trending active flexure scarp on the Musashino surface to the
north of Tokyo Metropolis has been identified by means of interpretation of these
images. The tectonic deformation on the shallow seafloor near Kisakata has also
been identified, where the emergence of the lagoon associated with the Kisakata
earthquake (M7.0) of 1804 was recorded in the historical documents. When ana-
glyphs from detailed DEM are extensive and have emphasized vertical exaggera-
tion, they are valuable for recognizing long-wave (one kilometer to several hundred
meter scaled) deformations.
Keywords Active fault • Anaglyph • Tectonic geomorphology • Digital elevation
model • Submarine topography • Kisakata • Musashino surface • Arakawa fault
5.1 Introduction
Topographic anaglyph images viewed with red-cyan glasses enables one to recog-
nize the features of topographic relief in three dimensions. Anaglyphs produced
from a digital elevation model (DEM) are very useful material for identifying
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tectonic geomorphology. For instance, Goto and Sugito [1] revealed the discovery
of several unknown inland active faults. Furthermore, Izumi et al. [2] revealed the
distribution of submarine active faults along the eastern margin of the Japan Sea.
The Geospatial Information Authority of Japan (GSI) has published inland DEM
data since the Basic Act on Promotion of Utilization of Geographical Information
implemented in 2007. Goto [3] introduced anaglyph images to study inland geo-
morphology of Japan produced by the use of the 10-m-mesh DEM of GSI. How-
ever, high-resolution topographic anaglyph images covering both onshore and
offshore areas have not been published because of a lack of detailed topographic
data. Goto [4] has presented the topographic anaglyph images of the seafloor around
Japanese Islands that were produced by using the 1-s-mesh (approximately 30 m)
DEM provided by the Japan Coast Guard.
The aim of this paper is to introduce extensive area of topographic anaglyph
images produced from the 5-m-mesh and 10-m-mesh inland DEM of GSI, as well
as the 1-s-mesh DEM (Goto [4]) on the seafloor. We identified active faults that
have deformed alluvial plains, terrace surfaces, and seafloors by means of interpre-
tation of these anaglyph images. Smaller fault scarps and fault-related broad
deformations were newly identified in numerous inland sites as well as on the
shallow seafloor. In this paper, we present two examples that show that the
extensive area of topographic anaglyphs produced from combined detailed DEM
is quite advantageous for identifying broad tectonic deformation near a coastal area,
as well as in urban areas, when the “naked” topography is exaggerated vertically.
5.2 Data and Methods
Detailed DEM of the shallow seafloor obtained from direct data acquisition, such as
acoustic prospecting/seismic profiling, is only available for a limited area of the
coast. Thus, we reprocessed the 1-s-mesh DEM from digital bathymetric charts
(M7000 series), with 1- to 2-m interval counters of the Japan Hydrographic
Association (Goto [4]) (Fig. 5.1 A–D). Currently, the published area for inlands
at 5-m-mesh DEM of GSI is still about 45 % of the territory of Japan, as of
November 2013. Therefore, the 5-m- and 10-m-resolution meshes that are at
present the most detailed DEM open to the public were combined for inland
geomorphology (Fig. 5.1 E, F).
We imported both inland and seafloor data that ranges from 2 in longitude and
1 200 in latitude to a Simple DEMViewer®. Then, we produced an anaglyph image
to be overlapped on the base map of the black and white slope shading map and the
black and white shaded relief map. We produced 65 map sheets under these
conditions with less than 35,000 pixels on one side of each sheet. We also provided
topographic anaglyph overlaid active fault maps (Nakata and Imaizumi eds. [5]) to
facilitate a reexamination of active fault geomorphology (Fig. 5.2).
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5.3 Fault-Related Broad Deformations in an Urban Area
Identified on the Anaglyph
Airborne LiDAR (light detection and ranging) surveying has been developed to
detect detailed geomorphic features (e.g., Nelson et al. [6]). Airborne LiDAR has
the capability of revealing the “bare earth,” with vegetation and buildings removed,
because the ground emits a laser pulse that can be separated from canopy returns
through a filtering process. Thus, these data can be used to explore quantitatively
the characteristics of tectonic geomorphology (e.g., Arrowsmith and Zielke [7]).
The data also revealed small-scale fault scarps in the urban area (e.g., Kondo
et al. [8]) as well as on the mountain slopes beneath the dense forest vegetation
(e.g., Lin et al. [9]). However, fault-related broad deformations were invisible on
the usual topographical maps (slope shade map, hill shade map, and contour map),
even if airborne LiDAR data was adopted. Topographical anaglyphs produced from
Fig. 5.1 The data processing flow. Box A is a part of the bathymetric chart (M7012) provided by
the Japan Coast Guard from which we reprocessed 1-s-mesh DEM. The interval of counters on the
chart is different from place to place. The distance between counters is under 50 m as shown in the
Box B. Anaglyph (C) produced from 1-s-mesh (ca.30 m) DEM reprocessed from bathymetric chart
(M7012) is quite finer than anaglyph (D) produced from 500-m-mesh DEM (J-EGG500). The
published area of 5-m-mesh DEM of GSI is limited as of November 2013 (F). The 65 sheets of
detailed topographic anaglyph within the range of 2 in longitude and 1200 in latitude are
produced (E)
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DEM based on LiDAR data are easily observed in three dimensions like stereo-
paired aerial photographs, when wearing red-cyan glasses. Broad deformation
related to recent faulting could be identified on the extensive area of the topographic
anaglyph because it can be emphasized in vertical exaggeration and rescaled on a
PC monitor. Here, newly identified tectonic geomorphology to the north of Tokyo
Metropolis is shown as an example (Fig. 5.2).
The Arakawa River flows from the Kanto Mountains into Tokyo Bay through the
northwestern part of the Kanto basin, where the Pleistocene terraces are well
developed. The terraces situated on the left and right banks in the middle reaches
of the river are called the Omiya surface and the Musashino surface, respectively
(Fig. 5.2). Kaizuka [10] suggested that the northern part of the Musashino surfaces
was inclined to the northeast, compared to the east and south slope of this surface,
based on an analysis of a contour line map. For this reason, the NW-SE trending
east side up the Arakawa fault that is buried beneath the alluvial plain would be
extended along the southwestern side of the Omiya surface (Kaizuka [10]). On the
contrary, Hirouchi [11] supposed that the displacement of surfaces across the

















Fig. 5.2 Extensive area of a topographic anaglyph around Tokyo Metropolis. It is one of the
65 sheet maps produced from 5-m-mesh and 10-m-mesh DEM of inland of GSI and 1-s-mesh
(ca.30 m) DEM of the seafloor. The dotted-line box indicates the area of Fig. 5.3
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Musashino surface and Omiya surface. The Headquarters for Earthquake Research
Promotion [12] assessed that the east-side-up buried fault was not distributed along
the Arakawa River. Therefore, the geomorphological evidence of tectonic crustal
movement has not been clarified in this area.
When we interpreted the detailed topographic anaglyphs of this area, the west-
side-up several-hundred-meter-long convex slopes were found on the northern part
of the Musashino surfaces (Fig. 5.3). These scarps must have been flexure scarps


































































Fig. 5.3 Deformation of the Musashino surfaces to the north of Tokyo Metropolis showing on the
detailed topographic anaglyph. The purple arrows indicate the flexure scarps on the Musashino
surface (Musashino flexure zone). The newly identified small scarps related to recent faulting are
marked with small arrows (a–a0 to e–e0). The small scarps (b–b0 to c–c0) on this figure are called the
Tsurugashima fault. The active fault lines depicted in the previous paper show black lines
5 Extensive Area of Topographic Anaglyphs Covering Inland and Seafloor. . . 69
different heights of Musashino surfaces (M2, M3) and Tachikawa surface
(Tc) (Figs. 5.3 and 5.4) and are designated here as the Musashino flexure zone.
To the northwest of this zone, the small fault scarps facing the mountain (the
Tsurugashima fault) were also newly identified on the Iruma surface (Fig. 5.3 b–b0,
c–c0). Other small fault scarps on the surfaces are also detected using the anaglyphs
(Fig. 5.3 a–a0, d–d0, e–e0). The Musashino flexure zone extends as a series of the
Tsurugashima fault although showing the reverse sense of the downthrown side.
The upthrown side along the strike-slip fault is, in general, located on the relative
strike-slip motion side of the faulted block (e.g., Nakata and Goto [13]). Thus, the
active tectonic movement forming these features may have a left-lateral compo-
nent, although at present we failed to find any geomorphological evidence for
strike-slip faulting along these scarps. Furthermore, a series of the Musashino
flexure zone and the Tsurugashima fault might relate to the Hirai left-lateral fault
system situated to the northwest along the foot of Kanto Mountain (Fig. 5.2).
Fig. 5.4 Topographic profiles across the Musashino flexure zone and the Tsurugashima fault,
based on the DEM. The measured lines are shown in the Figs. 5.3 and 5.5
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5.4 Coastal Geomorphology on the Anaglyph
Coastal geomorphology, such as the distribution of the Holocene marine terraces
and differences in the heights of the shoreline of the Pleistocene marine terraces
along the coastline, could be a clue for not only sea-level changes but also active
tectonics (Earth crustal movements). However, the number of published geo-
morphologic reports is limited because of the lack of extensive topographic maps
covering both the onshore and offshore area seamlessly. One of the technical
methods to overcome such difficulties is to make seamless anaglyph images as
shown in this paper. Such an approach to tectonic topography including for
unknown active faults come to light around the coastline. Here, submarine active
tectonic geomorphology off Kisakata, Akita Prefecture, is shown as an example,
in order to indicate the usefulness of the anaglyph images for better understanding
of active tectonics in a coastal region.
Tectonic deformation on the shallow seafloor has been newly identified near
Kisakata, where the emergence of the lagoon associated with the Kisakata earth-
quake (M7.0) of 1804 was recorded in the historical documents (Usami [14]).
According to the historical pictures and documents, the hummocky hills caused
by the debris avalanche from Mt. Chokaisan were distributed in the lagoon around
Kisakata before the earthquake. We could observe so many different sizes of hills to
the northwestward of Mt. Chokaisan on the anaglyph (Fig. 5.5). We could also
recognize the paleo-lagoon in Kisakata by the scattered small hills surrounding the
flat plains.
To the 10–14 km west of Kisakata and Yuri-Honjo, the NS trending continental
shelf slope divides the Tobishima basin from the continental shelf. Although
several anticlinal axes of deformed Quaternary sediment are estimated to be
striking parallel to this slope beneath the continental shelf (Osawa and Suda
[15]), no surface evidence of tectonic deformation has not been recognized off
Kisakata.
However, the NNE trending steep flexure slope on the continental shelf along the
coastline neighboring to the paleo-lagoon is illustrated in the seamless anaglyph
image (Fig. 5.5). The slope extends for at least 15 km in the middle of the 10-km-
wide shallow seafloor, with a gentle sloping toward WNW. These topographic
features are consistent with subsurface structure recorded by the acoustic explor-
ation (Geological Survey of Japan [16]). The active anticline axis parallel to the
coastline was identified in the south extension of this slope by seismic reflection
profiling (Horikawa et al. [17]). This long-wave deformation would most likely be
caused by a subsurface fault, which is the most probable candidate for the source of
the 1804 earthquake, because the uplifted area associated with the earthquake
(Usami [14]) is parallel to this deformation.
5 Extensive Area of Topographic Anaglyphs Covering Inland and Seafloor. . . 71
5.5 Conclusions
We produced detailed topographic anaglyphs from inland DEM measured by
LiDAR data as well as 1-s-mesh DEM from digital bathymetric charts. We could
easily observe macro- to micromorphology in three dimensions on a seamless
anaglyph image covering both onshore and offshore using red-cyan glasses.
Although it is difficult to detect a broad deformation related to recent faulting on











Fig. 5.5 An anaglyph showing the broad deformation on the shallow seafloor near Kisakata, Akita
Prefecture. The newly identified broad scarps related to recent faulting are marked with small
arrows
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when it is emphasized in vertical exaggeration. Future research combining seamless
anaglyph images and well-trained personnel, to identify tectonic geomorphology
around nuclear power plant sites, will provide important datasets for seismic safety
evaluation.
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